This epidemiological study was conducted to investigate the prevalence of metabolic syndrome and associated risk factors in Chinese subjects from Dehui in northeastern China. Using a random sampling method, a questionnaire was completed by 3785 permanent residents aged 18 -72 years and relevant clinical data were collected from each subject. Binary multivariate logistic regression analysis was used to identify factors that were significantly associated with metabolic syndrome. Based on the International Diabetes Federation definition, the prevalence of metabolic syndrome was 22.4%, which is higher than that of the general Chinese population. Metabolic syndrome occurred more frequently in females and the prevalence gradually increased with age. Living in an urban setting and being female, > 50 years old, overweight, having total cholesterol ≥ 5.18 mmol/l, low-density lipoprotein cholesterol ≥ 3.1 mmol/l, and a fatty liver were significant risk factors associated with metabolic syndrome.
Introduction
Metabolic syndrome may be associated with a higher risk of developing type 2 diabetes mellitus and cardiovascular disease (CVD). 1,2 Definitions of metabolic syndrome have been evaluated several times, and reflect the concern that different countries and ethnic regions should have different diagnostic criteria. 3 -6 The International Diabetes Federation (IDF) proposed a new definition of metabolic syndrome in 2005, 7 attaching importance to abdominal obesity and waist circumference. Few studies have been conducted in the Chinese population using this new definition. Thus, the objectives of the present study were to determine the prevalence of metabolic syndrome using this definition and to identify relevant risk factors associated with metabolic syndrome in Chinese subjects.
Patients and methods

STUDY DESIGN
A multistage, tiered-system sampling method was used to distribute randomly approximately 4000 questionnaires entitled 'The Healthy Diet of Urban and Rural Residents in Dehui, Jilin Province' to the residents of
PARTICIPANTS AND DATA COLLECTION
Each of the participants underwent a full medical examination, a liver ultrasound examination, blood glucose and serum lipid tests at the Department of Internal Medicine, The First Hospital of Jilin University (Changchun, Jilin, China). The participants fasted overnight (12 -14 h) and were asked not to smoke or drink coffee or tea 30 min before their blood pressure was to be measured. They were also asked to rest for 10 min before their blood pressure was taken. Waist circumference was also measured. After anthropometric and blood pressure measurements had been taken, blood samples (for measurement of blood glucose and serum lipids) were collected. The samples were centrifuged at the examination location, then refrigerated and transferred to the Clinical Laboratory of the First Hospital of Jilin University. Blood glucose and serum lipids were analysed using a SYNCHRON LX ® 20 auto-analyser (Beckman-Coulter, Brea, CA, USA).
Waist circumference (WC), to the nearest 1 cm, was measured at the highest point of the iliac crest at respiratory expiration to define central adiposity. For Chinese people, the critical waist circumference was defined as > 90 cm in men and > 80 cm in women. 8 Body mass index (BMI) was calculated as the ratio of weight to the square of the height (kg/m 2 ). According to the adult obesity standards for Asia (2000), 9 normal weight was defined as a BMI of 18.5 -22.99 kg/m 2 , overweight was a BMI ≥ 23 kg/m 2 , slightly obese was a BMI ≥ 25 kg/m 2 and severely obese was a BMI ≥ 30 kg/m 2 .
In this study, low-density lipoprotein (LDL) cholesterol ≥ 3.1 mmol/l, total cholesterol (TC) ≥ 5.18 mmol/l, and a BMI ≥ 23 kg/m 2 were considered to be abnormal. If a respondent smoked more than one cigarette a day and had been doing so for at least the past year, he/she was considered to be a smoker. A respondent whose alcohol intake was > 20 g every day was considered to be a regular drinker
The International Diabetes Federation (IDF) definition criteria of metabolic syndrome 6,7 are central adiposity plus two or more of the following four risk factors: (i) hypertension with systolic blood pressure (SBP) ≥ 130 mmHg and/or diastolic blood pressure (DBP) ≥ 85 mmHg and/or subjects who received antihypertensive drug therapy; (ii) triglycerides (TG) ≥ 150 mg/dl (1.7 mmol/l) or specific treatment for this lipid abnormality; (iii) high-density lipoprotein (HDL) cholesterol < 40 mg/dl (1.03 mmol/l) in men and < 50 mg/dl (1.29 mmol/l) in women or specific treatment for this lipid abnormality; and (iv) fasting plasma glucose (FPG) ≥ 100 mg/dl (5.6 mmol/l) and/or subjects who were previously diagnosed with type 2 diabetes mellitus or received antidiabetic drug therapy.
STATISTICAL ANALYSIS
Statistical analyses were carried out using W Wang, J Kong, J Sun et al.
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the SPSS ® statistical package, version 14.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Data are expressed as mean ± SD. Comparisons between quantitative data were conducted using Student's t-test and categorical variables were analysed using the χ 2 -test. Binary and multivariate logistic regression analyses were used to identify factors that were significantly associated with metabolic syndrome among the population studied. Findings are presented as the adjusted odds ratio (OR) with the 95% confidence interval (CI) and corresponding P-values. A P-value of < 0.05 was considered to be statistically significant.
Results
AGE DISTRIBUTION OF THE STUDY PARTICIPANTS
A total of 3785 permanent residents of Dehui, aged 18 -72 years, participated in this questionnaire-based study about diet and lifestyle: 1800 were male (47.6%) and 1985 were female (52.4%), which is the same ratio as in the overall population of Dehui. The age distribution for the study population is shown in Table 1 . The majority of subjects were aged between 31 and 60 years. The mean age ± SD of the study participants was 45.20 ± 12.51 years: men 44.89 ± 12.89 years and women 45.64 ± 11.77 years ( Table 2) . There was no significant difference in age between male and female subjects.
PREVALENCE BY GENDER AND CARDIOVASCULAR RISK FACTORS
Age and FPG showed no significant difference by gender, but weight, TG levels, SBP and DBP were significantly higher in men than in women (P ≤ 0.004), and HDL cholesterol levels and WC were significantly higher in women than in men (P < 0.001) ( Table 2) .
Age (years)
n (%) 18 
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Females exhibited a significantly higher prevalence of obesity than males at three levels (overweight, slightly obese and severely obese) (P = 0.002) (Table 3) . Based on the IDF definition, 7 the prevalence of metabolic syndrome was 22.4% (848/3785) among all participants: 20.8% among males and 23.9% among females, and the difference was statistically significant (P = 0.040).
PREVALENCE BY AGE AND GENDER
The prevalence of metabolic syndrome gradually increased with age (Table 4) . Overall, individuals in the 51 -60 years age range showed the highest prevalence and, after age 60 years of years, the prevalence declined slightly. Among males aged 31 -50 years old, the prevalence of metabolic syndrome was significantly higher than in females of the same age range (P < 0.001). After 50 years of age, however, the prevalence among females was significantly higher than in males in the same age range (P < 0.001). 
PRESENCE OF BASIC RISK FACTORS FOR METABOLIC SYNDROME
PRESENCE OF OTHER RISK FACTORS FOR METABOLIC SYNDROME
In addition to the basic risk factors (central adiposity, hypertension, high TG levels, high FPG and low HDL cholesterol) for metabolic syndrome included in the IDF definition, 7 other significant risk factors associated with metabolic syndrome were: living in an urban or rural setting (P < 0.001), increased age (P < 0.001), high BMI (P < 0.001), high TC (P = 0.002), high LDL cholesterol (P < 0.001) and fatty liver (P < 0.001) ( Table 6 ). In contrast, a greasy diet, a salty diet, undertaking daily activity for > 2 h, smoking and being a regular drinker of alcohol were not significant relevant risk factors for metabolic syndrome.
Binary logistic regression analysis showed that living in an urban setting (P = 0.016), being female (P < 0.001), > 50 years (P = 0.001), overweight (P < 0.001), having TC levels ≥ 5.18 mmol/l (P = 0.035), LDL cholesterol levels ≥ 3.1 mmol/l (P < 0.001) Hypertension, systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg or diagnosed hypertension; FPG, fasting plasma glucose ≥ 5.6 mmol/l; TG, triglycerides ≥ 1.7 mmol/l; HDL-C, high-density lipoprotein cholesterol < 1.03 mmol/l in men or < 1.29 mmol/l in women. a P < 0.001 compared with all other combinations.
TABLE 5: The prevalence of six combinations of the four risk factors in the International Diabetes Federation definition 7 for metabolic syndrome, stratified by gender, for participants with central adiposity as defined by their waist circumference Risk factors for metabolic syndrome in Chinese subjects
and a fatty liver (P < 0.001) were all significantly associated with metabolic syndrome (Table 7) .
Discussion
An increase in the prevalence of metabolic syndrome appears to follow the development of modern civilization. China is a developing country and the improvements that are occurring in material life have been accompanied by an upward trend in the prevalence of metabolic syndrome. 10 Currently, it is difficult to carry out large-scale epidemiological surveys in China. Moreover, a unified definition or criteria for metabolic syndrome is lacking. In the present study, a city (Dehui) in north-eastern China was chosen as the study site and residents were surveyed with the goal of determining the prevalence of metabolic syndrome and analysing relevant risk factors. The IDF has emphasized the necessity of using a measure of central adiposity because of the strong evidence linking it with CVD 11,12 and type 2 diabetes. 13, 14 The present study showed that the prevalence of central adiposity in Dehui was 36.1% (27.9% among males and 43.4% among females). Females exhibited a significantly higher prevalence of obesity than males on three levels (overweight, slightly obese and severely obese).
The prevalence of metabolic syndrome in 
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Dehui was 22.4%, which was higher than reported previously for the Chinese population 15 -18 and for other areas in Asia. 19, 20 It was, however, much lower than the prevalence in the USA. 21 -23 Although Jilin Province is an underdeveloped area, the results from the present study may cause concern due to the rapid improvement in the standard of living among the Chinese and the rapid development of aquaculture and livestock farming in Dehui.
Binary multivariate logistic regression analysis revealed that, in Dehui, being female and > 50 years old represented an increased risk for metabolic syndrome. In age groups ≤ 50 years, the prevalence of metabolic syndrome was higher in males than females. The prevalence of metabolic syndrome for males peaked at 30.0% in the 41 -50-year age range and declined in the 51 -60-year age range, although was still at a relatively high level. An explanation for this trend may be that males have poor health awareness when young and middle-aged, and have richer social lives and a higher standard of living, which may provide the material bases for the development of metabolic syndrome. The prevalence of metabolic syndrome in females tends to increase with age. In the young and middle-aged groups, the prevalence of metabolic syndrome in females was clearly lower than for males but after the Region, urban versus rural was analysed; gender, female versus male was analysed; overweight, BMI ≥ 23 kg/m 2 was chosen as a cut-off for overweight; LDL-C ≥ 3.1 mmol/l and TC ≥ 5.18 mmol/l were considered abnormal. CI, confidence interval; BMI, body mass index; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol.
age of 50 years the prevalence in females rapidly increased and exceeded that of males; the prevalence in females after the age of 60 was as high as 40.0%. One possible explanation for this trend is that females have greater awareness of maintaining body weight during youth and middle-age, but this desire may gradually diminish or disappear with increasing age, and the control of diet may, therefore, gradually slacken. Changing oestrogen patterns might also play a role in this trend and overall activity may decline in elderly females.
The prevalence of hypertension and blood lipid abnormalities, both components of the metabolic syndrome, was higher in participants in the present study than has been observed in other areas of China. 19 -21 This might relate to the greasiness and saltiness of foods eaten in the north and to the lower labour intensity during the winter in the north compared with the south. The average salt intake in north-eastern China is 15 -20 g/day, which far exceeds the 6 g/day suggested by the World Health Organization. 24 Of the four risk factors for metabolic syndrome, the combination of hypertension and abnormal TG levels was most prevalent (36.3%) in patients with central adiposity; the prevalence of hypertension combined with abnormal HDL cholesterol was 22.6% and hypertension combined with abnormal FPG was 18.8%. Thus, in addition to having central adiposity as an essential criterion for the definition of metabolic syndrome, hypertension should also be considered to play an important role in the definition of metabolic syndrome.
Binary logistic regression analysis showed that being overweight, having abnormal TC and LDL cholesterol levels, and having a fatty liver were all significantly associated with metabolic syndrome; some of these factors have also been identified in previous studies. 25 -27 Other factors, analysed by multivariate regression analysis, such as a greasy diet, a salty diet, undertaking daily activity for > 2 h, smoking and drinking alcohol were, however, not found to be significant relevant risk factors for metabolic syndrome. These results disagree with the general belief that the incidence of metabolic syndrome is lifestyle related. 28, 29 The present analysis suggests that the development of metabolic syndrome is affected by a complex array of factors in a person's lifestyle. A number of bad lifestyle choices can lead to the development of metabolic syndrome and it is unlikely that changing a single lifestyle choice can prevent its development. It is not feasible to force people to change their daily habits, e.g. taking exercise every day, but it is possible to educate people on the importance of reducing excessive fat and salt intake and potentially encourage them to change their traditional thinking about diet.
In conclusion, the present questionnairebased study about diet and lifestyle showed a significantly higher prevalence of metabolic syndrome in the study area of Dehui relative to the rest of China. The prevention and treatment of metabolic syndrome has become a new challenge for healthcare workers. It is to be hoped that the present study will help to increase awareness about the risk factors for metabolic syndrome so that people can make the necessary improvements to their lifestyles to reduce their potential risk from metabolic syndrome.
